As an alternative technique to the conventional color swatch, we adopted color quantization to present perceptually dominant colors of an image. We facilitated five digitalized paintings and extracted the color scheme of each based on their RGB values.
Introduction
Color extraction techniques from an image are widely used in various fields such as art, design, cognitive psychology and computer science. As an example in art, Lenclos' has documented endemic colors after having traveled around the world for decades (Lenclos & Lenclos, 2004) . In Lenclos's study, a set of endemic colors was defined region by region, and then color applications were presented illustratively in shapes of windows or doors (Lenclos & Lenclos, 2005) . In design practice, the city of Seoul proposed a color palette, called "Seoul Colors," to embody its inherent city identity (Kim, 2010) .
In this project, 10 Seoul Colors were defined based on the observation of over 9,800 images of representative items in Seoul.
This study purposes to compare two visualization methods to present perceptually dominant colors of an image: one is a color swatch and the other is a color quantization.
Color swatch is a conventional name for a color palette because an array of color squares resembles a painter's color palette. Just as painters select a color from the color palette, users choose a color from the color swatch.
Color swatch is a typical way to visually summarize color schemes in both color practice and color segmentation engineering. However, the swatch does not deliver the semantic information such as the location of the pixels that a certain color swatch represents, and the area that belongs to a color.
In this regard, we came up with an idea that color quantization can be an alternative way of visualizing a color palette; therefore, we expected to find greater utility aspect especially because it not only presents dominant colors but also illustrates semantic contents. Color quantization refers to a retrieved image that is rendered with a limited number of colors. were selected. The cluster centers were updated after every pixel was assigned to a certain cluster using the formula presented above.
Selection of paintings to extract colors
We searched for well-known paintings from Post-Impressionist artists because they were 
Extracting colors into color swatches and color quantizations
We converted each pixel of the five JPEG images into RGB values, based upon which we performed K-means clustering. We deliberately increased the number of partitions from 3 to 6, 9, 12, and then 15 because we intended to observe whether the tendency would be and were proven to have normal color vision.
Procedure
In order to avoid device-dependent color reproduction, we used an iPad 2 to present the stimuli. We displayed an original painting that 
Result
Based on the subjects' ratings, we averaged the ratings along with the increase of number of colors. The average and standard deviation for each alternative are listed in Table 1 . Then, we plotted the results as shown in the The tendency that the discrepancy between the poorest and best ratings on the color quantization was larger than the discrepancy of ratings on the color swatch was always observed in all 5 paintings, as summarized in Table 2 .
This implies that color quantization enabled the subjects to make a clearer distinction when they In this study, we conducted a user test and found our assumption was partially supported.
Based on the analysis of the five Post-Impressionistic paintings, we found that people can make more distinctive judgments when the color scheme was presented in the form of a color quantization than in the form of a color swatch. This indicates that the color quantization is particularly useful when people's opinion needs to be magnified. At the same time, we confirmed that a color swatch is an efficient visualization technique that can sufficiently describe the color characteristics of an image especially when the number of color scheme is relatively small.
Limitations and next steps
In this study, the comparison between the color quantization and the color swatch was made using five Post-Impressionist drawings.
Although the five drawings were carefully selected, a more robust conclusion will be drawn when a study includes a larger pool of images. And the age range of participants was limited to 20s. It is required to verify the method with various age groups.
As future study, more effort should be made in order to extract perceptually dominant colors rather than the density based averaging, as we Theories and empirical findings related to color saliency should be incorporated in the computational method.
